Evaluation of the antioxidant activity of the methanol, water and n-hexane extracts of Drosera intermedia, determined by the Folin-Ciocalteau (F-C), trolox equivalent antioxidant capacity (TEAC) and oxygen radical antioxidant capacity (ORAC) assays showed that the methanol extract had the highest antioxidant activity (F-C: 378.6 ± 31.5 µmol GAE /mg extract ; TEAC: 332.2 ± 29.1 µmol TE /mg extract ; ORAC: 64.7 ± 7.8 µmol TE /mg extract ). Antimicrobial activity was tested against seven bacterial and eight yeast strains using the agar diffusion assay, followed by the determination of minimum inhibitory concentrations (MIC). All tested D. intermedia extracts demonstrated strong antimicrobial properties with a broad spectrum of activity. However, the n-hexane extract exhibited much greater activity than water and methanol extracts. The most susceptible microorganisms to the n-hexane extract were Staphylococcus epidermidis ATCC 12228 and Candida albicans YP0175, for which a MIC value of 13.0 µg/mL was scored.
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Oxidative stress can play an important role in the development of neurodegradative disorders, such as Alzheimer's disease, and is implicated in the development of chronic diseases, such as cancer, arteriosclerosis and rheumatism [1] . Antioxidants are a group of compounds that neutralize or quench free radicals and other reactive oxygen species that are generated in the body, thereby reducing oxidative damage of cellular biomolecules such as lipids, proteins, and nucleic acids. Plant constituents have been extensively studied for their antioxidant activity (AOC) [2] , and there is an increasing interest in natural antioxidants, namely phenols, present in medicinal and dietary plants that might help prevent oxidative stress. Development of new antimicrobial compounds against different microorganisms is becoming critically important, as infectious diseases are still a major threat to public health [3] . Renewed interest in plant antimicrobials has emerged recently [4a-4d] , probably due to the increasing development of drug resistance of human pathogenic organisms, as well as the appearance of undesirable side effects of certain antibiotics and the emergence of previously uncommon infections [1] .
In spite of the great advance in chemotherapeutics, natural products derived from plants continue to offer new sources of lead compounds that may have a great impact on infectious disease and overall human health [5a] . Plants of the genus Drosera are known for their use in traditional medicine. Several species, including D. intermedia Hayne (Droseraceae), have been used in the formulation of sundew herb (Herba Droserae) for the treatment of dry coughs, bronchitis, whooping cough and asthma [5b,5c]. Furthermore, several biological activities have been reported for Drosera spp., including antiinflammatory [5c] and antimicrobial [5d,5e]. Therapeutic properties of preparations derived from these species are attributed to compounds from the group of naphthoquinones and flavonoids present in their tissues [5f,5g] . From the available literature, no scientific evaluation of the biological activities of D. intermedia has been reported yet. D. intermedia is confined to restricted habitats and is protected by law as natural populations are becoming increasingly scarce [6a] . In vitro propagation can offer considerable benefits for the rapid cultivation of species which exist in threatened habitats, thus reducing pressure on wild stocks. A micropropagation protocol for D. intermedia has been developed recently [6b] and for the purpose of this work, in vitro cultured plant material was used to assess its antioxidant and antimicrobial activities in order to evaluate its pharmaceutical potential.
The vast amount of methods and variations available to measure antioxidants in botanicals make the study of the AOC a complicated issue. Too many analytical methods result in inconsistent results, inappropriate application and interpretation of assays, and improper specification of AOC. Therefore, the antioxidant efficacy of a plant extract is best evaluated based on results obtained by commonly accepted assays [6c]. Accordingly, in this work AOC was evaluated using the F-C, TEAC and ORAC assays and results are presented in Figure 1 .
The results show that in all assays the methanol extract has the greatest AOC (F-C: 378.6 ± 31.5 µmol GAE /mg extract ; TEAC: 332.2 ± 29.1 µmol TE /mg extract ; ORAC: 64.7 ± 7.8 µmol TE /mg extract ) and that the n-hexane extract has the least activity (F-C: 10.2 ± 1.9 µmol GAE /mg extract ; TEAC: 12.9 ± 0.7 µmol TE /mg extract ; ORAC: 4.1 ± 0.5 µmol TE /mg extract ) (P < 0.001). The preference of the antioxidant compounds for the most polar solvent, in addition to the fact that phenolic compounds, such as quercetin, myricetin and their glycosides, are common in preparations from Droseraceae plants [5f] , might indicate that the active compounds are either phenolic acids or flavonoids [7a] . The F-C assay is traditionally used to quantify the total phenols of a sample, suggesting that phenols are responsible for the activity of the extracts, as similar results were obtained for the F-C and the TEAC assays. However, these results should be interpreted carefully as the F-C assay is nonspecific to phenolic compounds and other compounds might be responsible for the antioxidant activity [7b] . For all extracts the highest activities were observed with the F-C and the TEAC assays indicating that these antioxidants are more active by single electron transfer mechanisms rather than by hydrogen atom transfer [7b] . It is interesting to see that results for the different extracts are consistent between the tested methods ( Figure 1 ) even though different reaction substrates and reaction mechanisms are involved. No related species has been investigated for its AOC, making it impossible to compare results, however, based on the present results, we can conclude that the methanol extract of D. intermedia shows the greatest antioxidant activity.
The antimicrobial activity of n-hexane, water and methanol extracts of D. intermedia measured by the agar diffusion assay and the determination of MIC values is depicted in Table 1 . Based on the obtained inhibition zone diameter (IZD) values, all the extracts showed remarkable antimicrobial activity (Table 1) . However, the n-hexane extract showed greater IZD (14.3 ± 1.2 to 59.0 ± 0.6 mm) than water (8.7 ± 0.3 to 43.3 ± 1.3 mm) and methanol (9.0 ± 0.6 to 43.0 ± 0.6 mm) extracts. Moreover, the obtained MIC values corroborate that the n-hexane extract has by far the greatest antimicrobial activity ( The fact that P. aeruginosa ATCC 27853 is only susceptible to the methanol extract indicates that different compounds and possibly different action mechanisms are responsible for the activity. It is possible that these compounds are only extracted with methanol and not with n-hexane and water [8e].
This observation indicates that further work is required to identify the active compounds and to clarify the underlying action mechanisms. The standard chloramphenicol is not effective against this bacterial strain [4d] and gentamicin was used for the agar diffusion method instead.
Also in the yeasts, discrepant results were observed. Based on the MIC value, the most tolerant strain to the n-hexane extract was C. neoformans YP0186 (104.2 µg/mL), while it was the most susceptible strain to the water and methanol extracts (1300.0 µg/mL and 650.0 µg/mL, respectively), indicating once more that more than one group of compounds is responsible for the activity. Overall, the most susceptible yeast to the D. intermedia extracts is C. albicans ATCC 90028 (MIC: 26.0 µg/mL, 1300.0 µg/mL, 1300.0 µg/mL for n-hexane, water and methanol, respectively) and the most tolerant is C. famata YP0011 (MIC: 104.2 µg/mL, > 10000 µg/mL, 5208.3 µg/mL for n-hexane, water and methanol, respectively).
The results of the agar diffusion and MIC methods presented in Table 1 do not always correlate. An example is C. neoformans that was one of the most tolerant yeast strains to the n-hexane extract according to the obtained MIC value (104.2 µg/mL), while showing the largest IZD (59.0 ± 0.6 mm). This can be explained by the fact that the strains which present the largest IZDs are not always the most sensitive, as antimicrobial effectiveness of a compound is compromised by factors such as the extract's solubility, the diffusion range in the agar and the evaporation of the extract's solvent (that can affect the dose) [9a] . For this reason, the MIC method should prevail over agar diffusion methods in evaluating the antimicrobial activity of an active principle.
In conclusion, the data from this screening indicates that D. intermedia extracts show excellent antioxidant and antimicrobial activities, which might justify their use in traditional medicine. Of the tested extracts, the methanol extract showed the highest antioxidant activity. All the D. intermedia extracts demonstrated antimicrobial activity with a broad spectrum of activity. However, the n-hexane extract exhibited much greater activity than the water and methanol extracts. In summary, the results show that in vitro cultures of D. intermedia provide an alternative for large-scale production of compounds with antioxidant and antimicrobial activities. BA-894) . The following strains of clinically isolated yeasts were used in the assays: Candida albicans YP0175, C. famata YP0011, C. catenulata YP0160, C. guilliermondi YP0170, Trichosporon mucoides YP0096 and Cryptococcus neoformans YP0186. Two reference strains of C. albicans were also tested: C. albicans ATCC 10231 and C. albicans ATCC 90028. Bacterial species were grown overnight at 37ºC in Plate Count Agar medium (PCA, Scharlau, Spain). Strains of C. albicans were grown overnight at 37ºC in Yeast Medium (YM, Scharlau), while the other yeasts were cultured in the same medium at 25ºC for 48 h.
Antioxidant capacity

Folin-Ciocalteau (F-C) assay:
The F-C colorimetric method was used as described by Ainsworth et al.
[9c] with slight modifications. In brief, 200 µL of 10% (v/v) F-C reagent (Fluka, Buchs, Switzerland) was added to 100 µL sample dilution (10-0.01 mg/mL) prepared in phosphate buffer (75 mM, pH 7.0), standard or phosphate buffer (blank) in a microtube. A 700 mM sodium carbonate solution (800 µL) (VWR, Leuven, Belgium) was added to each microtube and incubated for 2 h at room temperature. Thereafter, 200 µL of the content of each microtube was transferred to a clear 96-well microplate (NUNC, Rochester, New York, USA) and the absorbance was read at 765 nm with an Infinite 200 (Tekan, Grödig, Austria) microplate reader. The standard curve was calculated using gallic acid (Fluka, Buchs, Switzerland) concentrations ranging from 40 µM to 0.5 mM and the results were expressed as gallic acid equivalents (GAE) per g of extract. Determinations were carried out three times and in triplicate, on each occasion and at each separate concentration of the standard and samples.
TEAC (Trolox equivalent antioxidant capacity) assay:
The antioxidant activity was determined by the TEAC assay using the radical cation ABTS +• (Sigma-Aldrich, Steinheim, Germany), according to the procedure proposed by Re et al. [9d] . The ABTS +• stock solution (7 mM) was prepared with the due recommendations [9d], using potassium persulfate (Sigma-Aldrich, Steinheim, Germany) as the oxidant agent, and was left to stand in the dark at room temperature for 12-16 h before use. The working solution of ABTS +• was obtained by diluting the stock solution in phosphate buffer to give an absorption of 0.70 ± 0.02 at 734 nm. Afterwards, 10 µL of extract dilutions (1-0.1 mg/mL), trolox standards (0.1-0.4 mM) (Calbiochem, Darmstadt, Germany) or phosphate buffer (blank) were transferred to a clear 96-well microplate (NUNC, Rochester, New York, USA) and the reaction began with the addition of 190 µL of the ABTS +• working solution. The absorbance reading was taken 1 min after initial mixing at 734 nm. The sample dilution that produced between 20-80% inhibition of the blank absorbance was used for TEAC calculation and results were expressed as TE per gram of extract.
ORAC (oxygen radical absorbance capacity) assay:
The total antioxidant capacity was evaluated as described by Gillespie et al. [9e] . Fluorescein (Panreac, Spain, Barcelona) was used as the fluorescent probe and AAPH (Acros, Geel, Belgium) as a peroxyl radical generator. A black microplate (NUNC, Rochester, New York, USA) was loaded with 150 µL fluorescein (0.08 µM) and 25 µL of sample dilution (1-0.01 mg/mL), trolox standard (6.25-50 µM) or phosphate buffer (blank), and after a 10 min incubation period at 37ºC the reaction was initiated by adding 25 µL of AAPH (150 mM) to each well. The decrease in fluorescence of fluorescein was determined by collecting readings for excitation at 485 nm and emission at 530 nm every minute for 90 min. The ORAC value for each extract was calculated using the respective area under the curve (AUC) and the regression equation between trolox equivalents and the net AUC. Results were expressed as trolox equivalents (TE) per gram of extract.
Antimicrobial activity Sensitivity test (agar diffusion assay):
The antimicrobial activity was evaluated according to the National Committee for Clinical Laboratory Standards (NCCLS) [10a] using the agar disc diffusion method. Briefly, a 24 or 48 h-old culture of selected bacteria/yeast was mixed with sterile physiological saline solution (0.85%) and the turbidity was adjusted to the McFarland scale 0.5 [~10 6 colony forming units (CFU) per mL]. Petri plates containing 20 mL of Mueller Hinton agar (MHA, Scharlau) were used for all bacteria tested and yeasts were cultured in MHA supplemented with 2% glucose (w/v) and 0.5 μg L -1 methlyne blue dye (pH 7. 2-7.4 ). The inoculum was spread on the surface of the solidified media and allowed to dry for 10 min. Filter paper discs (6 mm in diameter) were placed on the previously inoculated plates and impregnated with 20 μL of extract at 50 mg/mL (1 mg extract/disc). Chloramphenicol (30 μg/disc, Oxoid, UK) was used as positive control for bacteria (except for P. aeruginosa ATCC 27853 where gentamicin at 10 μg/disc was used) and amphotericin B (20 μg/disc, Sigma) for yeasts. Paper discs impregnated with 20 μL of methanol, water or n-hexane were used as negative controls. Plates of bacteria and C. albicans strains were incubated at 37ºC for 24 h and the other yeasts at 25ºC for 48 h. The inhibition zone diameters (IZD) were measured in mm. All the tests were performed in triplicate.
Minimum inhibitory concentration (MIC) determination:
A broth dilution susceptibility assay was used, as recommended by NCCLS, for the determination of the MIC values [10b]. The tests were performed in Mueller Hinton Broth (MHB, Scharlau) supplemented with 2% (w/v) glucose for the yeasts. Plant extracts, chloramphenicol and amphotericin B were serially-diluted with culture medium from a previously prepared stock solution. Each tube, containing 1 mL of extract/drug dilution, was inoculated with 200 μL of standard bacterial/yeast suspension; the inoculum concentration for standard MIC was 2 × 10 5 to 8 × 10 5 CFU/mL. Test tubes with methanol, water, n-hexane, DMSO and ethanol were also used as negative controls. For bacteria and C. albicans strains, tubes were incubated (under normal atmospheric conditions) at 37ºC for 24 h and for yeasts at 25ºC for 48 h. Results were expressed as the lowest concentration of extract which completely inhibited visible growth (turbidity on liquid media). The MIC was not determined for microorganisms that were inactive in the agar diffusion assay. All the tests were performed in triplicate.
Statistical analysis:
The results of the antioxidant assays were subjected to one-way analysis of variance (ANOVA) to assess treatment differences using the SPSS statistical package for Windows (release 15.0; SPSS Inc., Chicago, IL, USA). Significant differences between means were determined using Duncan's New Multiple Range Test (P = 0.001).
